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(54) Abstract Title 

Electrosurgica! Instrument 

(57) An electrosurgical instrument for the treatment of tissue in the presence of an electrically conductive 
fluid medium comprises an instrument shaft 10, an active side-effect tissue treatment electrode 12 at the distal 
end of a tungsten rod 14 within the shaft 10 for electrosurgically excising tissue pieces at an operation site, 
morceilation means for electrosurgically reducing the size of excised tissue pieces, a rid removal means for 
removing morcellated tissue pieces. A ceramic tip 20 has an aperture 20a through which matter can be 
aspirated by the removal means from the region surrounding the tissue treatment electrode 12. The removal 
means comprises a channel formed within the instrument shaft 10 and leading from the aperture 20a to a 
suction port 10a. The tissue treatment electrode 12 is coupled to a motor 44 so as to move cyclically relative to 
the shaft 10, and constitutes the morceilation means. An RF power source is coupled to connectors 46,48. The 
rod 14 may be offset or cranked, and the electrode 12 may be end-effect. 




Q 
W 

ro 

CO 

ro 

CO 
en 
o 



At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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This tavenuon mlares » an elecrrosurgical inarumenr for fte of tissue in fte 

5 presence of an etecmcaUy-conducrive fluid medium. .0 Cecttosurgical apparatus 

Ending such an insmtmen, and » an eiecrCe uni, for use in such an inHrumen,. 

Endoscopic eiecrrosurgery is usefu. for .rearing rissue in caviries of ft. body, end . 

normaUy performed in ft. presence of a distension medium. When fte dis.en.ion 

medium is a liquid, ft* b commonly referred . as .mderwafcr ...cuosurgar, . .his » 
,0 denodng «>«c,ro»rgery in which Uvmg tissue is .reared usftg an eleorrosurgroal 
i_, wift a — .leorode or Caches immersed in liquid « fte operanon 
Sim A ga*ous medium is commonly employed when endoscopic surgery is performed 
in a disenable hod, caviry of larger porenrial volume in which a liquid medium would 
be unsuirable. as is often fte case in laparoscopic or gasrroemerologica! surgery. 

15 undoes •^l.c-^!-^^-^"'^ 

endoscope Mr may provide a condui, (common., referred ro as a working channeft 
for fte passaae of an elecuode. ALemarively, fte endoscope ma, be specrflcally 
adapred (as in a rn.secro.cope) ro include means for mounting an «.«c«od.. or fte 
20 elecucde mav be introduced too a body cavity via a separate access mea* a. an angle 
wift respect' to fte endoscope - a technique common* referred ro as uiangrdauon. 
These variarrons in rechnique can be subdivided by surgica, speciality, where one or 
ofter of fte techmquea has particular advantages given fte access mure to fte speofic 
body caviry. Endoscopes wift inregral working channels, or those character** as 
2 S reseoosoopes. are genemlly employed when fte hody cavity may be accused through 
, nature, body opening - such as fte cervica, car,, to access fte endomemal cavny of 
fte urerus. or fte ureftra to access fte prosrare g.and and ft. Madder. Endoscopes 
specif-teeny design* for us. in fte -dometna. caviry am referred to as nyst.roscopes 
end those designed for use in fte urinary .mm inCude cytoscopes, ureduoscopes and 
30 resecroscop*. T* ptocedures of rransurefta, resection or vaparisarion of fte prepare 
gl a„d are known . TURP and EVAP respeciv*. When ftere is no nanus, body 
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opening through which an endoscope may be passed, the technique of triangulation is 
commonly employed. Triangulation is commonly used during underwater endoscopic 
surgery on joint cavities such as the knee and the shoulder. The endoscope used in 
these procedures is commonly referred to as an arthroscope. 

5 

Electrosurgery is usually carried out using either a monopolar instrument or a bipolar 
instrument. With monopolar electrosurgery. an active electrode is used in the operating 
region, and a conductive return plate is secured to the patient's skin. With this 
arrangement, current passes from the active electrode through the patient's tissues to the 
1 0 external return plate. Since the patient represents a significant portion of the circuit, 
input power levels have to be high (typically 150 to 250 watts), to compensate for the 
resistive current limiting of the patient's tissues and. in the case of underwater 
electrosurgery. power losses due to the fluid medium which is rendered partially 
conductive by the presence of blood or other body fluids. Using high power with a 
1 5 monopolar arrangement is also hazardous, due to the tissue heating that occurs at the 
return plate, which can cause severe skin burns. There is also the risk of capacitive 
coupling between the instrument and patient tissues at the entry point into the body 
cavity. 

20 With bipolar electrosurgery. a pair of electrodes (an active electrode and a return 
electrode) are used together at the tissue application site. This arrangement has 

advantages from the safety standpoint, due to the relative proximity of the two 

electrodes so that radio frequency currents are limited to the region between the 

electrodes. However, the depth of effect is directly related to the distance between the 
25 two electrodes; and. in applications requiring very small electrodes, the inter-electrode 

spacing becomes very small, thereby limiting tissue effect and the output power. 

Spacing the electrodes further apart would often obscure vision of the application site. 

and would require a modification in surgical technique to ensure direct contact of both 

electrodes with the tissue. 

30 
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Tnere are a number of variations to the basic design of the bipolar probe. For example, 
U.S. Patent Specification No. 4706667 describes one of the fundamentals of the design, 
namely that the ratio of the contact areas of the return electrode and of the active 
electrode is greater than 7:1 and smaller than 20:1 for cutting purposes. This range.. 
5 relates only to cutting electrode configurations. When a bipolar instrument is used for 
desiccation or coagulation, the ratio of the contact areas of the mo electrodes may be 
reduced to approximately 1:1 to avoid differential electrical stresses occurring at the 
contact between the tissue and the electrode. 

1 0 The electrical junction between the return electrode and tissue can be supported by 
wetting of the tissue by a conductive solution such as normal saline. This ensures that 
the surgical effect is limited to the active electrode, with the electric circuit between the 
two electrodes being completed by the tissue. One of the obvious limitations with the 
design is that the active electrode (typically a needle) must be completely buried in the 

15 tissue to enable the return electrode to complete the circuit. Another problem is one of 
the orientation: even a relatively small change in application angle from the ideal 
perpendicular contact with respect to the tissue surface, will change the contact area 
ratio, so that a surgical effect can occur in the tissue in contact with the return 
electrode. 

20 

Cavity disteasion provides space for gaining access to the operation site, to improve 
visualisation, and to allow for manipulation of instruments. In low volume body 
cavities, particular* where it is desirable to distend the cavity under higher pressure, 
liquid rather than gas is more commonly used due to better optical characteristics, and 
25 because it washes blood away from the operative site. 

Conventional underwater electrosurgery has been performed using a non-conductive 
liquid (such as 1.5% glycine) as an irrigant, or as a distension medium to ehminate 
electrical conduction losses. Glycine is used in isotonic concentrations to prevent 
30 osmotic changes in the blood when intra-vascular absorption occurs. In the course of 
an operation, veins may be severed, with resultant infusion of the liquid into the 
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circulation, which could cause, among other things, a dilution of serum sodium which 
can lead to a condition known as water intoxication. 

The applicants have found that it is possible to use a conductive liquid medium, such 
5 as normal saline, in underwater endoscopic electrosurgery in place of non-conductive, 
electrolyte-free solutions. Normal saline is the preferred distension medium in 
underwater endoscopic surgery when electrosurgery is not contemplated, or a 
non-electrical tissue effect such as laser treatment is being used. Although normal 
saline <0.9%w/v; 150mmol/l) has an electrical conductivity somewhat greater than that 
1 0 of most body tissue, it has the advantage that displacement by absorption or 
extravasation from the operative site produces little physiological effect, and the 
so-called water intoxication effects of non-conductive, electrolyte-free solutions are 
avoided. 

1 5 Carbon dioxide is the preferred gaseous distension medium, primarily because of its 
non-toxic nature and high water solubility. 

The applicants have developed a bipolar instrument suitable for underwater 
electrosurgery using a conductive liquid or gaseous medium. This electrosurgical 
20 instrument for the treatment of tissue in the presence of a fluid medium, comprises an 
instrument body having a handpiece and an instrument shaft and an electrode assembly, 
at one end of the shaft. The electrode assembly comprises a tissue treatment (active) 
electrode which is exposed at the extreme distal end of the instrument, and a return 
electrode which is electrically insulated from the tissue treatment electrode and has a 
25 fluid contact surface spaced proximally from the exposed part of the tissue treatment 
electrode. In use of the instrument, the tissue treatment electrode is applied to the tissue 
to be treated whilst the return electrode, being spaced proximally from the exposed part 
of the tissue treatment electrode, is normally spaced from the tissue and serves to 
complete an electrosurgical current loop from the tissue treatment electrode through the 
30 tissue and the fluid medium. This electrosurgical instrument is described in the 
specification of our International Patent Application No. PCT/GB96/01473. 
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The electrode ««» of this instrument. - —I- " ilh » eleC " riCaU5 '- 
conducive fluid medium lately avoids .he proMems experienced wnh monopolar or 
bip0 ,ar electrosurgery. .n particular, inpu. power levels are much lower man .hose 
.eneraHv necesserv wi,h a mo„opo.ar arrangement (typically 100 wans). Moreover. 
5 'because of .he relatively Urge spacing berween k< decodes, an improved depflt of 
effect is obtained compared with convemional bipolar arrangement 

Toe specificarico of our Imemakma. Pa.en. Applicarion No. OB96/01472 describes an 
irrigated bipolar elecnosurgical instrument Ota. cat, be used to open air or gas-fuled 
,0 environment, This instrumen, includes an internal channel for feeding electrically- 
conducnve fluid .tvpically saline, to the exposed end of a tissue treatment elecucde so 
as to provide a conducive fluid path that completes an electrical circuit to a return 
erecrrode when the instrument is in use. This instrument also includes an itoemal 
charmel fee removing fluid from .he region of the exposed end of toe tissue .reatmen, 
,5 electrode. When toe fluid is a liquid, such as saline, toe presence of ft. liquid can 
cause collateral tissue damage, so its temoval is desirable. This type of instrument * 
handed primarily for use in open air or g**lled environmenrs. and is no. suitable for 
rrse with electrosurgical procures which require distension of a body cavrry. 

20 However, where toe volume of a body cavity is small - for example in arthroscopic 
surgerv where even toe Urge join,, such as the Knee, may only accommoda.e 50-bO ml 
of litigation fluid - toe following pnDblems may occur, .namely:- 

(i, Heared fluid in the immediare vicinity of toe tissue comae, elecucde can 
25 cause collateral tissue damage; 

«„ The products of the tissue vaporised by the tissue contact electrode can 

cause visualisation problems; and 

Soft tissue present in a joint space tends to move about, making it 
difficult to apply the active electrode to vaporise such tissue. 



(iii) 
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An arthroscope electrode may be characterised as short (100 to 140 mm), and rigid with 
a working diameter up to 5 mm. It can be introduced through a stab incision into a 
joint cavitv (with or without a cannula) using the triangulation technique. Such an 
electrode is operated with a motion which moves the electrode between the 9 O'Clock 
5 and 3 O'Clock positions on the arthroscopic image. As a result, the tissue to be treated 
is usually approached at a shallow working angle with respect to the axis of the 
electrode. An arthroscopic electrode thus needs to have an effect consistent with this 
angled approach to the tissue. The tissue to be treated, such as meniscal cartilage, is 
commonly dense and of a high electrical impedance. An arthroscope electrode requires 

of electrode, and the fact that arthroscopists are seeking a speed of effect comparable 
to that of the mechanical shaver devices they currently employ, albeit with an electrode 
of smaller dimensions than a shaver blade for improved access. 

15 The specification of our British Patent Application 9612993.7 describes an 
electrosurgical instrument for the treatment of tissue in the presence of an electncaUy- 
conductive fluid medium. The instrument comprises an instrument shaft, and an 
electrode assemblv at one end of the shaft, the electrode assembly comprising a tissue 
treatment electrode and a return electrode which is electrically insulated from the ttssue 
20 treatment electrode by means of an insulation member. The tissue treatment electrode 
has an exposed end for treating tissue, and the return electrode has a fluid contact 
surface which is spaced from the tissue treatment electrode in such a manner as to 
define, in use. a conductive fluid path that completes an electrical circuit between the 
tissue treatment electrode and the return electrode. The electrode assembly is provided 
25 with a pluralitv of apertures in the region of the tissue treatment electrode, through 
which apertures vapour bubbles and/or particulate material can be aspirated from the 
region surrounding the tissue treatment electrode. 

An RF generator is provided for powering the electrode assembly. The power required 
30 from the RF generator to achieve vaporisation depends on a number of variables more 
fully described in the specification of our International Patent Application No. 



GB97/00065. Of these variables two. are of particular importance in the context of the 
present invention; one being the cooling effect produced by the aspiration of 
conductive fluid in the region of the tissue contaa electrode, and the other being the 
disruption of the vapour pocket formed around the tissue contact electrode by the flow 
5 of conductive fluid. These problems can be partially overcome by coordinaung the 
aspiration bv monitoring the output features of the generator which indicate the 
vaporisation power threshold has been exceeded. This usually results in a series of 
suction pukes as the vaporisation threshold is repeatedly exceeded between pulses and 
then elevated during the suction pulses so that, should vaporisation be maintamed. the 
10 suction will be applied continuously, By using this technique, heated saline in the 
vicinity of the tissue contaa e.earode and vaporisation products can be successfully 
removed The other desirable feature is the aspiration of loose tissue towards the ttssue 
contaa elearode. so that it can be stabilised during vaporisation. Whilst this can be 
achievedaccordingtothistechnique: there are two significant performance limitattons. 

^ Thefirstoftheselimitatioasisthatthe gaseous products of tissue vaporisation contain 
fatty produas which have a sublimation property, i.e. they condense direaly to a sohd; 
sublimation occurring at temperatures well above boiling point. As the elearode shaft 
within the bodv cavity is cooled by the surrounding saline, these products are eastly 
20 condensed. Thus, if a parallel suction shaft is used, the build up is along its enttre 
,ength and eventually completely blocks the tube. This process, even at the flow rates 
diaated by minimal influence on the power threshold, can cause very rapid blockmg. 
For example, it is found that, with a moderately large electrode tip, using a 1mm 
internal diameter suaion tube, complete blockage occurs after 30 seconds of activate 
25 Obviously, a larger tube bore would increase the time before blockage, but this occurs 
so rapidly that the required bore size for a useful electrode life is beyond the dimensions 
of the maximum shaft diameter. The problems of sublimation are compounded by 
aspiration of tissue pieces which are incompletely vaporised before being excised from 
the remainder of the tissue. Given the need to attract tissue and. therefore, the 
30 requirement for a strong suction pressure which, once tissue is engaged with the ttssue 
contaa elearode and the vaporisation threshold is continually exceeded by cessatton of 
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flow, increases The propensity for aspiration of unvaporised tissue and blockage of the 
aspiration channel. 

The second of these limitations also relates to adherence of tissue to the tissue contact 
5 electrode. As indicated above, once the tissue obstructs flow, the vaporisation power 
threshold is exceeded, and suction is continuously applied. Under these circumstances, 
and particularly when aspiration channels are provided adjacent to the tissue treatment 
electrode, a steady state can be reached wherein the tissue is held around the periphery 
of the tissue contact electrode, the portion of tissue in the immediate vicinity of the 
10 tissue treatment electrode is vaporised but. without moving the application site or 
redirecting suction solely through the tissue treatment electrode, no further removal of 
tissue will occur. For example, large pieces of tissue tend to bridge the tissue 
treatment electrode, so that all tissue in contact with the electrode is removed, but the 
bulk of the tissue is left in place. Applying suction solely through the tissue treatment 
1 5 electrode limits the size of the electrode otherwise two extremes are created where, on 
the one hand during activation in conductive fluid, the vaporisation power threshold is 
very elevated despite synchronising suction pulses with the RF output, typically > 200 
Watts, yet. on the other hand, can be reduced to below 50% of this level once tissue is 
engaged. With a static tissue contact electrode, there is an inevitable compromise 
20 between these performances variables. 

The aim of the invention to provide an improved electrosurgical instrument of this type. 

The present invention provides an electrosurgical instrument for the treatment of tissue 
25 in the presence of an electrically-conductive fluid medium, the instrument comprising 
an instrument shaft, a tissue treatment electrode mounted at the distal end of the shaft 
for electrosurgically excising tissue pieces at an operation site, morcellation means for 
electrosurgically reducing the size of excised tissue pieces, and removal means for 
removing morcellated tissue pieces, the instrument having an apertured portion 
30 through which matter can be aspirated by the removal means from the region 
surrounding the tissue treatment electrode, the removal means comprising a channel 
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formed within the instrument shaft and leading from the apertured portion, wherein the 
tissue treatment electrode is movable cyclically relative to the distal end of the shaft, 
and constitutes the morcellation means. 

5 Morcellation is the division of a tissue piece into many smaller pieces in order to 
facilitate its surgical removal. 

Advantageously, the tissue treatment electrode is such that the cyclical movement 
thereof is effective to prevent excised tissue piece, adhering to the distal end portion of 
10 the instrument. Preferably, the tissue treatment electrode is such that the cyclical 
movement thereof causes a portion thereof to wipe the entire distal end portion of the 
instrument which, in use. contacts tissue. 

Advantageously, the instrument further comprises a return electrode which is 
1 5 electrically insulated from the tissue treatment electrode by insulation means, the ussue 
treatment electrode being exposed at the distal end of the instrument, and the return 
electrode having a fluid contact surface spaced proximally from the exposed end of the 
tissue treatment electrode. 

20 Preferably, the channel is defined by the instrument shaft. 

Convenient*, the tissue treatment electrode is provided at the distal end of a rod 
mounted within, and movable relative to. the instrument shaft. Thus, movement of the 
rod results in movement of the tissue treatment electrode, and this prevents tissue 
2 5 bridging, as the tendency for tissue to obstruct the channel is obviated by the electrode 
movement ensuring that such tissue is treated. Tissue can, therefore . be electrosurgically 
removed from an operation site by a vaporisation technique, and can be 
electrosurgically morcellated in this region by the moving tissue treatment electrode, 
this process being analogous to a miniature liquidiser. Preferably, the tissue treatment 
30 electrode is constituted by the distal end portion of the rod. 
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Advantageously, the rod is constituted by a tungsten wire having a diameter in the 
range of from 0.2mm to 1 .0mm. Preferably, the tungsten wire has a diameter in the 
range of from 0.4mm to 0.6mm. 

5 Advantageously, the tissue treatment electrode is angled with respect to the longitudinal 
axis of the instrument shaft, and the instrument further comprises an insulating sleeve 
surrounding the rod proximally of said angled end portion. The insulating sleeve may 
be a ceramic sleeve. 

1 0 Preferably, the insulation means comprises an insulation member provided at the distal 
end of the instrument shaft, the insulation member defining said apertured portion. The 
insulation member may be made of a ceramic material. 

Advantageously, the insulation member is formed with a slot which constitutes the 
15 apertured portion, the tissue treatment electrode passing through the slot. Alternatively, 
the apertured portion is constituted by a gap between the tissue treatment electrode and 
the insulation member. 

In a preferred embodiment, the instrument further comprises drive means for 
20 reciprocating the rod within the channel. Advantageously, the drive means is 
constituted by a motor and coupling means for converting the rotary output of the motor 
into reciprocatory movement of the rod. 

In this case, the angled end portion of the rod may be at right-angles to the longitudinal 
2 5 axis of the instrument shaft, and the tip of the angled end portion may constitute the 
tissue contacting portion of the tissue treatment electrode. This electrode is. therefore, 
a side effea electrode. 

In another preferred embodiment, the instrument further comprises drive means for 
30 rotatine the rod within the channel. An electric motor may constitute the drive means. 
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The electrosurgical instrument of the invention is also useful for dissection, resection, 
vaporisation, desiccation and coagulation of tissue and combinations of these functions 
with particular application in laparascopic. colposcopy (including vaginal speculum) 
and open surgical procedures on the female genital tract and adnexal related diseases. 

5 Laparascopic operative procedures may include: removal of subserosal and pedunculated 
fibroids, ablation of ectopic endometrium, ovarian cystectomy and ovarian drilling 
procedures; oophorectomy, salpingo-oophorectomy, subtotal hysterectomy and 
laparaoscopically assisted vaginal hysterectomy (LAVH) as may be performed for 
benign or malignant diseases; laparoscopic uterosacral nerve ablation (LUNA); fallopian 

1 0 tube surgery as correction of ectopic pregnancy or complications arising from acquired 
obstructions: division of abdominal adhesions; and haemostasis. 

The electrosurgical instrument of the.invention is also useful in the lower female genital 
tract, including treatment of cervix, vagina and external genitalia whether accessed 

1 5 directly or using instrumentation comprising generally speculae and colposcopes. Such 
applications include: vaginal hysterectomy and other pelvic procedures utilising vaginal 
access; LLETZ/LEEP procedure (large loop excision of the transformation zone) or 
excision of the transformation zone of the endocervix: removal of cystic or septic 
lesions; ablation of genital or venereal warts; excision of benign and malignant lesions; 

20 cosmetic and surgical repairs including vaginal prolapse; excision of diseased tissue; 
and haemostasis. 

The electrosurgical instrument of the invention is also useful for dissection, resection. 

vaporisation, desiccation and coagulation of tissue and combinations of these functions 
25 with particular application in surgery on the ear. nose and throat (ENT), and more 

particularly procedures performed on the oropharynx, nasopharynx and sinuses. These 

procedures may be performed through the mouth or nose using speculae or gags or 

using endoscopic techniques such as functional endoscopic sinus surgery (FESS). 

Functional endoscopic sinus procedures may include: removal of chronically-diseased 
30 inflamed and hypertrophic mucus linings, polyps and neoplasms from the various 

anatomical sinuses of the skull; excision of diseased tissue; and haemostasis. 
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2 5 enerl,. .issue debris or hlccd. The procedures ma, inCude simuUaneous v, ™g of 

• km in the suecification of our International Patent 

electrosurgical instrument is desenbed in the specmcax 

Application No. PCT/GB96/01472. 
30 The invendon w„, now he described In gma.er de.aU, h, wa, of example with reference 
to the drawings, in which:- 
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1 5 

Figure 1 is a diagram showing an electrosurgical apparatus constructed in accordance 
with the invention; 

Figure 2 is a diagrammatic side elevation, partially broken away, of a first form of 
electrode unit constructed in accordance with the invention; 
5 Figure 3 is a diagrammatic side elevation of the elearode assembly of the electrode unit 
of Figure 2; 

Figure 4 is a diagrammatic side elevation, partially broken away, of a second form of 
electrode unit constructed in accordance with the invention; 

Figure 5 is a diagrammatic side elevation of the electrode assembly of the electrode unit 
1 0 of Figure 4; 

Figure 6 is a diagrammatic side elevation, partially broken away, of a third form of 
electrode unit constructed in accordance with the invention; 

Figure 7 is a diagrammatic side elevation of the elearode assembly of the elearode unit 
of Figure 6; 

1 5 Figure 8 is a diagrammatic side elevation, partially broken away, of a fourth form of 
elearode unit constructed in accordance with the invention; and 
figure 9 is a diagrammatic side elevation of the elearode assembly of the elearode unit 
of Figure 8. 

20 Referring to the drawings. Figure 1 shows electrosurgical apparatus including a 
generator 1 having an output socket 2 providing a radio frequency (RF) output, via a 
connection cord 4. for an instrument in the form of a handpiece 3. Activation of the 
generator 1 may be performed from the handpiece 3 via a control connection (not 
shown) in the cord 4. or by means of a footswitch unit 5 connected separately to the 
25 rear of the generator 1 by a footswitch conneaion cord 6. In the illustrated 
embodiment, the footswitch unit 5 has two footswitches 5a and 5b for seleaing a 
desiccation mode and a vaporisation mode of the generator 1 respectively. The 
generator from panel has push buttons 7a and 7b for respectively setting desiccation and 
vaporisation power levels, which are indicated' in a display 8. Push buttons 9 are 
30 provided as an alternative means for selection between the desiccation and vaporisation 
modes. 
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The handpiece 3 mounts a detachable electrode unit E, such as the electrode units El 
and E4 to be described below. 

Figure 2 shows the first form of electrode unit El for detachable fastening to the 
5 electrosurgical instrument handpiece 3. the electrode unit comprising a shaft 10, which 
is constituted by a tube made of stainless steel. A tissue treatment (active) electrode 
12 is provided at the distal end portion of the shaft 10. The active electrode 12 is 
provided by the distal end portion of a rod 14 made of tungsten, the active electrode 
extending at right angles to the rod. The rod 14 has a diameter of 0.4 to 0.6 mm. A 
1 0 ceramic tube 18 is fixed to the rod 14 immediately adjacent to the active electrode 12. 
A ceramic tip 20 is fixed within the out-turned distal end portion of the shaft 10. 

As shown in Figure 2, the active electrode 12 protrudes through a longitudinal slot 20a 
formed in the ceramic tip 20. That portion of the rod 14 not covered by the ceramic 
15 tube 18 is provided with an insulating sleeve 22 made of polyimide, 
polytetrafluoroethylene or by separate sleeves made by these two substances. A heat 
sleeve 24 made of polytetrafluoroethylene or polyimide, covers the adjoining regions 
of the ceramic tube 18 and the sleeve 22. 

20 The major portion of the length of the shaft 10 is provided with an insulating heat 
shrink sleeve 26 made of polyvinylidenefluoride. The sleeve 26 does not cover the 
distal end portion of the shaft 10. that region of the shaft constituting a return electrode 
28. 

25 The rod 14 is mounted for reciprocal movement within the shaft 10, that end of the rod 
remote from the active electrode 12 being fixed to a coupling member 30 slidably 
mounted within one end 32a of a sleeve 32 made of stainless steel. The other end 32b 
of the sleeve 32 is fixed to the adjacent end portion of the shaft 10. A top hat washer 
34 is located within the sleeve end 32b, the washer constituting a backing member for 

30 a silicone gland 36 and a delrin bush 38. A return spring 40 acts between the bush 38 
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and the coupling member 30. The rod 14 passes through apertures in the washer 34, 
the gland 36 and the bush 38. 

An off-set shaft 30a is fixed to the end face of the coupling member 30, the free end of 
5 this shaft being engageable with an inclined end face 42a of a rotatable coupling 
member 42 fixed to the rotary output shaft of a motor 44. Hence, rotation of the 
output shaft of the motor 44 results in reciprocation of the coupling member 30 and the 
rod 14. 

1 0 The hollow interior of the shaft 10 is connected to a transverse tubular member 10a 
which is connected to a suction pump (not shown), and so constitutes a suction/exhaust 
port. As shown in Figure 2, the active electrode 12 is positioned at the end of an 
aspiration channel constituted by the annular cavity defined by the interior of the shaft 
10 and the rod 14, so that vapour bubbles and/or particulate material which, in use, are 

1 5 formed in the region of the active electrode, can be aspirated from the region for 

removal via the slot 20a, the aspiration channel and the port 10a. 

The RF generator 1 (not shown in Figure 2) delivers an electrosurgical current to the 
electrodes 12 and 28 via connectors 46 and 48 provided respectively on the coupling 
20 member 30 and on the sleeve 32. The generator 1 includes means for varying the 
delivered output power to suit different electrosurgical requirements. Thus, in a first 
output power range of from about 140 volts to 200 volts, the active electrode 12 is used 
for tissue desiccation; and, in a second output power range of from about 250 volts to 
600 volts, the active electrode is used for tissue removal by cutting or vaporisation. 

2 5 For both ranges, the voltages are peak voltages. The generator 1 may be as described 

in the specification of our European Patent Application 96304558.8. 

This electrosurgical instrument is particularly useful for rapid tissue debulking and the 
removal of loose tissue. One of the problems which could be encountered when tissue 
30 is rapidly debulked using an arthoscopic electrode configuration, particularly when 
working in small joint spaces, is the production of vapour bubbles generated as an end 
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product of tissue vaporisation. Such bubbles obscure vision, and can coalesce at the site 
of tissue application, so that the electrical circuit between the active and return 
electrodes becomes compromised by the absence of conductive fluid. Irregular active 
electrodes having filamentary, mesh or coiled spring forms goes some way to solving 
5 this problem as it reduces the vaporisation threshold as disclosed in the specification of 
our International patent application No. GB97/00065. 

The provision of the suction pump ensures the elimination of vapour bubbles from an 
operation site, which is particularly advantageous during aggressive tissue debulking. 
1 o T*e suction pump is activated only when the active electrode 12 is powered for tissue 
vaporisation. The pump is. therefore, pulsed so as to pull saline over the active 
electrode 12 (and to extract vapour bubbles and/or paniculate material). This cools the 
active electrode 12. resulting in the collapse of the vapour pocket surrounding the active 
electrode. This, in turn, leads to the suction pump being turned off. thereby reducing 
15 the flow of saline over the active electrode 12. This electrode 12 then heats up again, 
leading to the re-formation of a vapour pocket, and the re-activation of the suaion 
pump. This cycle then repeats until the generator 1 is turned off when the instrument 
is removed from the operation site. 

20 The suction pump must be controlled so that the flow of bubbles from the active 
electrode 12 is balanced to the output characteristics of the RF generator 1 to prevent 
excessive cooling of the active electrode and a resultant increase in its vaporisation 
power threshold. The thermal mass of the thin, wire-form active electrode 12 is lower 
than that of a standard solid form active electrode, and this assists in rapidly re- 

25 establishing the vapour pocket around the active electrode should this collapse following 
excessive cooling. 

The electrode unit El is intended primarily for use in arthroscopic surgery which 
requires rapid tissue debulking by vaporisation. Ute side-effect electrode (i.e. where 
30 the treatment axis is perpendicular to the shaft) configuration of the unit El ,s 
particular* advantageous for this purpose. In use. the electrosurgical mstr^nent ts 
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manipulated to introduce the electrode assembly constituted by the active electrode 12 
and the return electrode 28 into a selected operation site (e.g. within the joint space of 
a knee), so that the active electrode contacts the tissue to be treated, and the tissue and 
the electrode assembly are immersed in saline. 

5 

The footswitch 5b (or the push button 7b) is then operated to activate the generator 1. 
The generator 1 then provides sufficient RF power to the electrode assembly to vaporise 
the saline surrounding the active electrode 12, and to maintain a vapour pocket 
surrounding this electrode. Using a brushing technique, with firm pressure against the 

1 0 tissue surface, rapid debulking of the tissue is achieved. Gently touching the tissue will 
reduce the effect, and can be used to sculpture and smooth the residual tissue surface. 
With tissue engagement, the flow of irrigant away from the active electrode 12 will be 
reduced, the amount of reduction depending on the nature of the tissue surface, the 
application pressure and the suction pressure. Speed of debulking will, therefore, 

1 5 depend on these variables. Once the vaporisation occurs, the products will include 
vapour bubbles, carbon particles and tissue debris. All of these products are removed 
from the region of the active electrode 12, via the shaft 10 and the port 10a. by the 
suction pump. 

20 All the constituents removed from the active tip are at high temperatures. This could 
lead to a potentially dangerous heating of the electrode shaft 10. which could cause 
tissue damage at the entry point. It may be. therefore, necessary to aspirate additional 
coolant saline from the body cavity along the inside surface of the shaft. To ensure 
that this saline is indeed at a safe temperature, it is taken from the rear of the return 

25 electrode 28 via a mesh filter (not shown). 



In use. when the generator 1 is turned on. the motor 44 begins to rotate, causing the 
rod 14 to oscillate with an amplitude of 0.5mm. The oscillation of the rod 14 within 
the shaft 10 provides a mechanical agitation within the shaft that is sufficient to dislodge 
30 any sublimation products which condense within the shaft. In this way. blockage of 
the shaft 10 is prevented, so that the instrument can be used on a continuous basis. 
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1 to provide power burets during active suction to sustain the vapour pocket, and clear 
any tissue occluding the apertures in the active electrode 12. 

A known technique in arthroscopic surgery is to apply suction through a mechanical. 
5 tissue-nibbling device so that soft tissue present in the joint space, such as the 
infrapatellar fat pad. can be held in position within the nibbler jaws by suction whilst 
it is progressively "nibbled away". 

Attracting tissue to the active electrode 12 of the electrode unit El has a similar effect 
1 0 as. for the reasons already given above, compliant tissue adhering to the active electrode 
wiU result in a reduction of the vaporisation power threshold. Adherent tissue will be 
rapidly vaporised, and small tissue panicles produced during vaporisation will be 
aspirated from the application site. 

1 5 Because of its speed of debulking and side-effect configuration, the electrode unit El 
also has advantages in urological surgery as an EVAP technique for use in conjunction 
with a resectoscope. A resectoscope electrode unit is introduced very differently, in 
that is mounted on an endoscope prior to passage of the assembled instrument through 
a working sheath via the urethra. The proximal end of the electrode unit is connected 

20 to a trigger assembly and an electrical contact which is integral with the resectoscope- 
By this means, the electrode unit El can be moved back and forth through a defined 
range of motion by operating the trigger mechanism. As the electrode unit El is 
assembled prior to introduction, the size of the tip is not constrained by working 
channel dimensions, but rather by the diameter of the working sheath which can be up 

25 to 10 mm. Part of this diameter is occupied by the support wires to the electrode unit 
El. which wires are commonly bent in a downward angle, with respect to the 
endoscopic image, to the working tip. so that they do not interfere with either visulation 
or its operation. Because of the reciprocatory movement of the rod 14. the active 
electrode 1 2 operates over a length lying within the range of from 3 mm to 4 mm and j 
30 a width lying in the range of from 2 mm to 3 mm. and this size is necessary for j 
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The active electrode 12 of the unit El is a side effect electrode (i.e. its treatment axis 
is perpendicular to the shaft). Axial agitation is advantageous with such electrodes, in 
that the entire electrode can be brought into contact with tissue. As a result, the 
exposed area can be made very small, allowing operation at lower powers and less at 
5 higher saline flow rates. 

Figures 4 and 5 show the second form of electrode unit E2. This instrument is a 
modification of that shown in Figures 2 and 3, and so like reference numerals will be 
used for like pans, and only the modifications will be described in detail. There are 
1 0 two main modifications, the first being to the drive to the rod 14, and the second to the 
configuration of the active electrode 12. 

In the first modification, the motor 44 rotatably drives the rod 14 via a coupling 
assembly 42. As with the embodiment of Figures 2 and 3, the rod 14 passes through 
1 5 aligned apertures in the washer 34, the gland 36 and the delrin bush 38. The bush 38 
is somewhat longer than the equivalent bush of the embodiment of Figures 2 and 3 
extending to the end 32a of the sleeve 32. A slip ring 46a is provided to connect the 
connector 46 to the rod 14. 

20 The other main modification is that the active electrode 12 (the free end of the tungsten 
rod 14 - in this embodiment of 0.5mm diameter) is bent back over the free end of the 
ceramic tube 18. The turned-back portion 12a of the electrode 12 constitutes a side 
effect electrode. An apertured region 20a Is formed between the ceramic tip 20 and the 
active electrode 12, this region loading to the aspiration channel defined by the interior 

25 of the shaft 10. 

Another modification is that the rod 14 is a flexible drive rod whose distal end portion 
is off-set with respect to the central longitudinal axis of the shaft 10. In use, when the 
generator 1 is turned on. the motor 44 begins to rotate, causing the rod 14 to rotate 
30 within the shaft 10. This rotation provides a mechanical agitation that is sufficient to 
dislodge any sublimation products which condense within the shaft. The off-set of the 
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sufficient to enable aspiration along the axis of rotation when the generator 
method is employed. 



The introduction of rotation and aspiration through the active electrode 12. or more 
5 accurately through a channel within the range of motion of the active electrode, prevents 
the steady state being reached, and so prevents tissue bridging. This is achieved as 
tissue temporarily obstructing the aspiration channel is always treated, as opposed to 
positioning aspiration channels outside the range of motion of the active electrode 12, 
in which case only tissue adjacent to that obstructing the aspiration channel would be 
1 0 treated. 

Given that the aspiration channel is required to cope with unvaporised tissue, the active 
electrode 12 is only required to incise the tissue such that the tip of the tissue in the 
aspiration channel is detached from the body of the tissue and then aspirated through the 

1 5 channel. Ideally, the truncated portion of tissue is also morcellated or partially 
vaporised by the active electrode 12 to reduce the size of tissue pieces. This 
morcellation is accomplished by introducing an off-set in the drive shaft/connector to 
the active electrode 12 which rotates in the aspiration channel of larger internal diameter 
than the external diameter of the connector, a feature which has additional advantages 

20 in preventing blocking of the aspiration channel, as is described below. 

The relative contributions of tissue incision or morcellation and tissue vaporisation to 
the overall tissue debulking process can be controlled by the interaction of the bore of 
the terminal aspiration channel, the suction pressure and the bulk of the active electrode 

25 12.' Owing to the overall size constraints on the external diameter of the instrument it 
is. irt general, the diameter of the drive rod 14 whose distal tip forms the active 
electrode 12 and which, therefore, also provides the means of electrical connection to 
the active electrode, which determines whether tissue removal occurs primarily by 
incision/morcellation or vaporisation. Typically a drive rod 14 (and hence active 

30 electrode 12) formed from 0.2-1.0 mm diameter tungsten wire provides 
incision/morcellation, and a drive rod active electrode formed from 0.5mm diameter 
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Moreover, each of the electrode units. El to E4 is such as to prevent tissue bridging, 
as the tendency for tissue to obstruct the aspiration channel is, in each case, obviated 
by the movement of the active electrode ensuring that such tissue is treated. The 
movement of the active electrode 12 also ensures tissue morcellation, though this is 
5 effected by electrosurgery rather than by mechanical cutting. 

It will be apparent that modifications could be made to the electrode units described 
above. For example, instead of providing an off-set drive rod 14, this rod could be 
loosely coiled so that the coils lie against the inner wall of the aspiration channel, 
1 0 whereby, during rotation, a worm screw action occurs to encourage proximal 
movement of tissue debris, as well as cleaning of the inner wall of the channel. 

It would also be possible to introduce axial motion during rotation. Thus, for the 
electrode unit E4, the simple 90° hook form active electrode 12 can rotate on a bearing 
1 5 surface provided by the distal end face of the ceramic tube 18, this end face being 
provided with ratchet teeth features. Thus, as the rod 14 rotates, the hook-shaped end 
portion 12a moves in and out as it engages and disengages the ratchet teeth, this axial 
movement being permitted by the off-set flexible drive rod 14 repeatedly elongating and 
shortening. 

20 

As an alternative to an electric motor, each of the units El to E4 could be powered by 
a fluid drive generated through a rotary vane or similar apparatus, which, in turn, may 
be powered by the suction means. 

25 It is also possible to power the rotary drive by the RF generator 1 , so that an integral 
and interactive system of the rotary drive, the active electrode 12, the RF generator and 
the suction means is provided. 

The upper limit of the speed of rotation of the units E2 to E4 is defined at that level 
30 which elevates the vaporisation power threshold beyond the output range of the RF 
generator 1 , which will, in turn, be dependent upon the geometry of the active electrode 
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used on more dense tissue, ideally extend beyond the distal end of the ceramic tube in 
the treatment axis by an amount not exceeding the diameter of the wire. 

The active electrode 12 may also take on more convoluted or more complex generally 
5 planar forms of end effect electrodes and generally axial forms for side effect 
electrodes, for example coils, spirals, meshes or multiple spokes. 

Our International Patent Application GB96/01472 describes a technique of introducing 
a conductive fluid to the region of a tissue treatment (active) electrode in order to 
1 0 define, in use, a conductive fluid path between the active electrode and a return 
electrode. The electrode units El to E4 of the present invention could be modified to 
incorporate those features. In particular, these units could be modified for use in 
gaseous operating environments, either on the surface of a body or within body cavities. 

1 5 The specification of our British Patent Application 9612993.7 describes a technique of 
aspiration in the vicinity of a tissue treatment (active) electrode, wherein the suction 
pressure is controlled by generator output features in order to facilitate vaporisation by 
intermittently lowering the vaporisation threshold by cessation of suction flow. The 
techniques could advantageously be incorporated in the electrode units El to E4, both 

20 to ensure the vaporisation threshold is exceeded between suction pulses, and as a result 
of the suction pulsing assisting in preventing blockage of the aspiration channel. 

As a suction pulse is initiated only once the vaporisation threshold has been exceeded, 
tissue can only be attracted to the active electrode once the threshold is exceeded by 
25 activation remote from the tissue within the surrounding distension medium. It is 
known that the vaporisation threshold is lowered once tissue is engaged by the active 
electrode. It is. therefore, advantageous for suction to be applied initially without RF 
activation as a variable time delay feature. 



30 In summary the electrosurgical instrument of the invention has the following 
advantageous features:- 
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1. An electrosurgical instrument for the treatment of tissue in the presence of an 
5 electrically-conductive fluid medium, the instrument comprising an instrument shaft, 
a tissue treatment electrode mounted at the distal end of the shaft for electrosurgically 
excising tissue pieces at an operation site, morcellation means for electrosurgically 
reducing the size of excised tissue pieces, and removal means for removing morceUated 
tissue pieces, the iastrument having an apertured portion through which matter can be 
1 0 aspirated by the removal means from the region surrounding the tissue treatment 
electrode, the removal means comprising a channel formed within the instrument shaft 
and leading from the apertured portion, wherein the tissue treatment electrode is 
movable cyclically relative to the distal end of the shaft, and constitutes the morcellation 



means. 
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2. An electrosurgical instrument as claimed in claim 1 , wherein the tissue treatment 
electrode is such that the cyclical movement thereof is effective to prevent excised tissue 
pieces adhering to the distal end portion of the instrument. 

20 3. An electrosurgical instrument as claimed in claim 2, wherein the tissue treatment 
electrode is such that the cyclical movement thereof causes a portion thereof to wipe the 
entire distal end portion of the instrument which, in use, contacts tissue. 

4. An electrosurgical instrument as claimed in any one of claims 1 to 3, further 
25 comprising a return electrode which is electrically insulated from the tissue treatment 
electrode by insulation means, the tissue treatment electrode being exposed at the distal 
end of the instrument, and the return electrode having a fluid contact surface spaced 
proximally from the end of the tissue treatment electrode. 

30 5. An electrosurgical instrument as claimed in any one of claims 1 to 4, wherein 
the channel is defined by the instrument shaft. 
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h a S adiame,«ri„.hera„g«offror„0.*n,.o0.6n,m. 

, 5 ,h, .issue rrearmen, decode is angled wrrh respec, 
instrument shaft. 

. a Haim 10 further comprising an 
„. a.*—*- — ^"^l Lend portion. 
iMute U,g sleeve sending .he rod p— of sa.d angled 

20 , in claim 11. wherein the insulating 

12 . An electrosurgical instrument as clamted m clatm 

sleeve is a ceramic sleeve. 

13 . „ e_gica, instrument - — > ^ ' ^,1— 
25 app enda„, ,o Cans, , therein *e — rneans = . ^ - 
pro vided a. .he distal end of the instmmem shaft, the ma 
apertured portion. 

, m »A in claim 13, wherein the insulation 
14 . A „ elecuosurgica, — as ^ ^ 

30 member is formed wirh a h,o, which consr.ru- rh« aperau 
, re atmen< elecrode paasing through the alot. 
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15. An electrosurgical instrument as claimed in claim 13, wherein the apertured 
portion is constituted by a gap between the tissue treatment electrode and the insulation 
member. 

5 16. An electrosurgical instrument as claimed in any one of claims 6 to 15. further 
comprising drive means for reciprocating the rod within the channel. 

17. An electrosurgical instrument as claimed in claim 16. wherein the drive means 
Is constituted by a motor and coupling means for converting the rotary output of the 

1 0 motor into reciprocatory movement of the rod. 

18. An electrosurgical instrument as claimed in claim 16 or claim 17. wherein the 
angled end portion of the rod is at right-angles to the longitudinal axis of the instrument 
shaft, and the tip of the angled end portion constitutes the tissue contacting portion of 

1 5 the tissue treatment electrode. 

19. An electrosurgical instrument as claimed in any one of claims 6 to 15. further 
comprising drive means for rotating the rod within the channel. 

20 20. An electrosurgical instrument as claimed in claim 19. wherein an electric motor 
constitutes the drive means. 

21. An electrosurgical instrument as claimed in claim 19 or claim 20. wherein the 
angled end portion of the rod is at right-angles to the longitudinal axis of the instrument 
25 shaft, and the distal end surface of said angled end portion constitutes the tissue 
contacting portion of the tissue treatment electrode. 

22 An electrosurgical instrument as claimed in claim 19 or claim 20. wherein the 
angled end portion of the rod makes an acute angle with the longitudinal axis of the 
30 instrument shaft. 
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,3 whereto tl« tosulation member ts provtded 

engagable wito toe apex of toe angled end portion of toe rod. 

5 , . -*w nf rlaims 19 and 20 when 

24. ,n *— — * «— '""tr^ ben, « «- 
appear . cleim . - . herein toe angled - P— * *" ^ 
the distal end portion of rhe insulating sleeve. 

, wrt in anv one of claims 1 to 24. wherein 

« * r::;- ni— 

the removal means further comprises a pump 

...reof remote front toe apenured potion o, toe instnnnent. 

, - , : n c i a ; m 25, wherein the pump is 

26 . A „ electa, — as Catm* . ^ „ , 

, 5 activated cvclica.lv whereby matter is asptmted by toe rem 



fashion. 



, ■ -A in claim 26. wherein the pump is 
„. An electronical — as «U»- - ^ for tissue vaporisation, 
activated only when .he tissue rrearmem electrode tt> pot 

20 2 , m-^— -^;r-^^ 

, w ,n appendant to Cairn 4. fnr^ = - - ' ^ 
output connected to the tissue treatment electrode 

of claims 25 to 27. wherein the pump * controlled 
characteristics of the RF generator. 
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A*-*—. ,he angled end pcnion of .he rod is - » *» ''"f ^ 

wis A — ** and me ** end surface of said angled end poruon 
«*- *. *» conning portion of ft. tissue — electrode. The ronton 
5 of One ansfcd end porf,on of the rod pern,,* .he use of a smaU diameter rod. and hence 
the use of a small .issue — electrode, whiis. providing a « Urge are. 

oosition The use of a small diameter tissue rrearmen. electrode also 
tlsS uecontacn g pos«,on. 

pamte the use of lower elecrrosurgioal powers and/or btgher flutd m 

longitudinal axis of .he — sh.fr. an. rhe in^rion member . provtded wtft an 
JL c*. surface which is engagahl. with .he apex of rhe angled end ponton of the 

rod. 

, 5 „ U also p»ih,e for ,he angled end portion of the rod .» he hen, bach around the « 
end ponion of the insulating sleeve. 

Prefers, the removal means further comprises a pump connect to the chHmeW, 
. mgion memof remote from the apertured ^rfion of rhe i— . The pump ma, 
2 „ L Lated cyclic* where* marter is aspirated h y *e removal means - 

Mo , Conveniently. *. pump is activated on,, when the tissue — elecriode 
is powered for tissue vaporisation. 

The instrument may further comprise an RF generator having a bipolar output connected 
25 r^ue treatment electrode and the return electa. 

conned in dependence upon the otnpu. characrarisdcs of dte RF generaror. 

The elecrrosurgica, instrument of the invention is useful for dissecrion. resecuo. 
^porisation. desiccation and elation of .issue, as we,, as for comhinartons of rheae 
3„ tactions. It has a particular applicarion in arthroscopic surgery as . pe- 
^p* and pemu.ar.eous procedures performed on join* of the body mclu 
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